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(54) PREPARATION OF POLYORGANOSILOXANE PARTICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently obtain a particle having a 
suitable particle size as a spacer for a liquid crystal display device by 
forming a seed particle by hydrolysis and condensation of a specific silicon 
compound under a specific pH condition and adding the silicon compound to 
the seed particle liquid thereby enlarging the seed particle. 
SOLUTION: In preparing a polyorganosiloxane particle by hydrolysis and 
condensation of a silicon compound of the formula, a pH of the reaction 
liquid is adjusted to 9.7-1 1 .7 when the reaction starts and the silicon 
compound is added to be hydrolyzed in an amount such that the pH is 
lowered by 0.7-1.5 to reach in the range of 8.2-11.0 when the reaction is 
finished thereby forming a seed particle, then the reaction liquid is diluted 
to give a seed particle liquid, to which is added the silicon compound of the 
formula to enlarge the seed particle, the enlargement operation being 
carried out at least once. In the formula, R1 is a [(meth)acryloyloxy group or 
group]-containing 1-20C alkyl, a 6-20C aryi or a 7-20C aralkyl; R2 is a 1- 
6C alkyl: and (n) is 1-3. 
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CLAIMS 



[Claim(s)] 

[Claim 1] General formula (I) 
R1nSi(OR2)4-n ... (I) 

the inside of a formula, and R1 — an un-hydrolyzing nature machine — it is — the alkyl group of carbon numbers 1-20 — The 
" alkyl group of the carbon numbers 1-20 which have a (meth)acryloyloxy radical or an epoxy group. The alkenyl radical of carbon 
numbers 2-20. the aryl group of carbon numbers 6-20, or the aratkyl radical of carbon numbers 7-20, the case where R2 shows 
the alkyl group of carbon numbers 1-6, n shows the integer of 1-3, and there is two or more R1 — every — when you may differ 
even if R1 is mutually the same, and there is two or more OR2, even if each OR2 is mutually the same, it may differ. So that in 
hydrolyzing, carrying out condensation of the silicon. compound expressed, and manufacturing a polyorganosiloxane particle pH of 
the reaction mixture at the time of (A) reaction initiation may be adjusted to 9.7-11.7 and this pH may fall 0.7-1.5 times After 
setting up the amount of silicon compounds, performing the hydrolysis reaction in addition and pH at the time of reaction 
termination making a seed particle generate in 8.2-11.0, In the seed particle liquid preparation process which dilutes this reaction 
mixture and is made with seed particle liquid, and the seed particle liquid obtained at this (B) (A) process The manufacture 
approach of the polyorganosiloxane particle characterized by giving the seed particle growth process of performing actuation of 
adding the silicon compound expressed with the above-mentioned general formula (I), and growing up a seed particle, once or 
more. 

[Claim 2] (B) The approach according to claim 1 of starting it, after adjusting the growth reaction of the seed particle in a 
process to the range of pH 8.0-10.8. 

[Claim 3] It is relational expression (II) about the last particle diameter R after growth (micrometer). 
R=r [K (M/m)+1] One third ... (H) 

L however r are the concentration (% of the weight) of the silicon compound with which seed particle diameter (micrometer) and 
K are used for the dilution scale factor of a seed particle, and M and m are used at the (B) process and the (A) process, 
respectively.] The approach according to claim 1 or 2 of boiling, and following and controlling. 

[Claim 4] (A) The approach according to claim 1 , 2, or 3 of adding the Nonion nature surfactant in a process, in case a seed 
particle is made to generate. 

[Claim 5] The approach according to claim 4 the Nonion nature surface active agent is the thing of the HLB values (hydrophilic 
oleophilic balance value) 8-20. 

[Claim 6] It is relational expression (HI) about the last particle diameter R after growth (micrometer). 
R=C [[K(M/m)+1}/x] One third ... (Ill) 

It is the constant as which [, however x are determined by the Nonion nature surfactant concentration (% of the weight) of a 
seed particle generate time, and C is determined by the reaction condition of a seed particle generate time, and K. M, and m are 
as having defined by relational expression (II).] The approach according to claim 4 or 5 of boiling, and following and controlling. 
[Claim 7] An approach given in claim 1 whose silicon compounds expressed with a general formula (I) are methyl trimetoxysilane 
and/or vinyltrimetoxysilane thru/or any 1 term of 6. 

[Claim 8] Hydrolysis, the manufacture approach according to claim 1 to 7 of performing baking processing about the particle 
obtained after condensation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of being a particle size (about 4-10 micrometers) suitable as the 
spacer for liquid crystal displays, a standard particle, etc., and manufacturing efficiently the polyorganosiloxane particle of mono 
dispersion [ particle size distribution ] in more detail so that the thing of a desired particle size may be obtained, about 
amelioration of the manufacture approach of a polyorganosiloxane particle. 
[0002] 

[Description of the Prior Art] Although it is known conventionally that a mono dispersion silica particle (it may only be hereafter 
called a mono dispersion silica particle) has useful particle size distribution as various fillers, a ceramic raw material, etc., 
recently the application as a spacer of a liquid crystal display especially attracts attention, and it is beginning to be used. 
[0003] The particle of a glass fiber chip or synthetic resin has been conventionally used for the spacer of a liquid crystal display. 
However, although the glass fiber chip is excellent in the diameter precision of a fiber, dispersion is large to the die length, and a 
thing long to remainder has a possibility of it being viewed and falling image quality, and has a possibility of damaging the 
orientation film fabricated on the substrate, a protective coat, a color filter, or an electric element since the edge is sharp. 
Moreover, since particle-size precision is inferior, the particle of synthetic resin cannot fill the engine performance demanded as 
a spacer for liquid crystal displays. Therefore, when a more advanced gap precision is required, particle-size precision is good 
and a thing without a possibility of damaging electric elements, such as orientation film formed on the substrate in the globular 
form, and a protective coat, a color filter or ITO electric conduction film, is required. 

[0004] As what fills these demands, the silica particle obtained hydrolysis and by carrying out a polycondensation in the silicon 
alkoxide is proposed. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the approach of being a particle size (about 4-10 micrometers) suitable as the 
spacer for liquid crystal displays, a standard particle, etc.. and manufacturing efficiently the polyorganosiloxane particle of mono 
dispersion [ particle size distribution ] in more detail so that the thing of a desired particle size may be obtained, about 
amelioration of the manufacture approach of a polyorganosiloxane particle. 
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PRIOR ART 



[Description of the Prior Art] Although it is known conventionally that a mono dispersion silica particle (it may only be hereafter 
called a mono dispersion silica particle) has useful particle size distribution as various fillers, a ceramic raw material, etc.. 
recently the application as a spacer of a liquid crystal display especially attracts attention, and it is beginning to be used. 
[0003] The particle of a glass fiber chip or synthetic resin has been conventionally used for the spacer of a liquid crystal display. 
However, although the glass fiber chip is excellent in the diameter precision of a fiber, dispersion is large to the die length, and a 
thing long to remainder has a possibility of it being viewed and falling image quality, and has a possibility of damaging the 
orientation film fabricated on the substrate, a protective coat, a color filter, or an electric element since the edge is sharp. 
Moreover, since particle-size precision is inferior, the particle of synthetic resin cannot fill the engine performance demanded as 
a spacer for liquid crystal displays. Therefore, when a more advanced gap precision is required, particle-size precision is good 
and a thing without a possibility of damaging electric elements, such as orientation film formed on the substrate in the globular 
form, and a protective coat a color filter or ITO electric conduction film, is required. 

[0004] As what fills these demands, the silica particle obtained hydrolysis and by carrying out a polycondensation in the silicon 
alkoxide is proposed. This silica particle has high (1) purity, and (2) particle-size precision with little effect on the liquid crystal by 
the leached moiety is good. (3) which can make the CV value (coefficient of variation) acquired the bottom by formula valve flow 
coefficient^) = [the standard deviation (micrometer) of the diameter of a particle] / [mean-particle-diameter (micrometer)] x100 
10% or less, since it can be made an almost perfect true ball It has an advantage, like there is no possibility of damaging electric 
elements, such as orientation film formed on the substrate, and a protective coat, a color filter or ITO electric conduction film 
etc. 

[0005] Since the silica particle obtained according to hydrolysis and the polycondensation of a silicon alkoxide has the above 
advantages, many manufacture approaches are proposed until now. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] According to the approach of this invention, it is a comparatively big particle size (about 4-10 
micrometers), and the polyorganosiloxane particle of mono dispersion [ particle size distribution ] can be efficiently manufactured 
so that the thing of a desired particle size may be obtained. The polyorganosiloxane particle obtained by the approach of this 
invention is suitable as the spacer for liquid crystal displays, a standard particle, etc. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention is the basis of such a situation, and it has a particle size (about 4-10 
micrometers) suitable as a spacer for liquid crystal displays especially, and it offers the approach of manufacturing efficiently the 
polyorganosiloxane particle of mono dispersion [ particle size distribution ] so that the thing of a desired particle size may be 
obtained. 
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[Means for Solving the Problem] In order that this invention persons may attain said purpose, as a result of repeating research 
wholeheartedly, the silicon compound which the un-hydrolyzing nature machine and the alkoxyl group of hydrolysis nature 
combined with the silicon atom Hydrolysis and in case condensation is carried out, a hydrolysis reaction in the aquosity solution 
of ammonia or an amine the specific first stage pH And by performing actuation of diluting this, adding the above-mentioned 
silicon compound subsequently to this diluent, and growing up a seed particle, once or more, after carrying out until it became a 
value with whenever [ fall / of pH ], and making a seed particle generate Based on a header and this knowledge, it came to 
complete this invention for the ability of that purpose to be attained. 
[0011] That is, this invention is a general formula (I). 
R1nSi(OR2)4-n ... (I) 

the inside of a formula, and R1 — an un-hydrolyzing nature machine — it is — the alkyl group of carbon numbers 1-20 — The 
alkyl group of the carbon numbers 1-20 which have a (meth)acryloyloxy radical or an epoxy group, The alkenyl radical of carbon 
numbers 2-20, the aryl group of carbon numbers 6-20, or the aralkyl radical of carbon numbers 7-20, the case where R2 shows 
the alkyl group of carbon numbers 1-6, n shows the integer of 1-3, and there is two or more R1 — every — when you may differ 
even if R1 is mutually the same, and there is two or more OR2, even if each OR2 is mutually the same, it may differ. So that in 
hydrolyzing, carrying out condensation of the silicon compound expressed, and manufacturing a polyorganosiloxane particle pH of 
the reaction mixture at the time of (A) reaction initiation may be adjusted to 9.7-11.7 and this pH may fall 0.7-1.5 times After 
setting up the amount of silicon compounds, performing the hydrolysis reaction in addition and pH at the time of reaction 
termination making a seed particle generate in 8.2-11.0, In the seed particle liquid preparation process which dilutes this reaction 
mixture and is made with seed particle liquid, and the seed particle liquid obtained at this (B) (A) process 
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[Example] Next, although an example explains this invention to a detail further, this invention is not limited at ail by these 
examples. In addition. pH of an example and the example of a comparison is a value in 30 degrees C. 

[0043] Putting 250ml of aqueous ammonia solutions adjusted to pH10.9 into the plastic envelope of 300ml of example 1(1) seed 
particle liquid preparation processes, and agitating this by about 60 rpm with magnetic churning equipment, methyl 
trimetoxysilane 25g was added slowly and the methyl trimetoxysilane layer was made to form in the upper layer. Subsequently, 
this was agitated until the upper layer disappeared completely at 30 degrees C. and the seed particle was made to generate. 
Under the present circumstances, pH of reaction mixture was 9.7. In order to measure the particle size of this seed particle, after 
adding and riping reaction mixture in little **** and 25-% of the weight aqueous ammonia, when the Coulter counter performed 
particle-size measurement the CV value was 2.0% in the mean particle diameter of 2.43 micrometers. Seed particle liquid was 
prepared by diluting the above-mentioned reaction mixture so that it may become one 20 times the dilution scale factor of this 
with pure water. pH in this case was 9.5. 

[0044] (2) Putting 51. of seed particle liquid prepared by the seed particle growth process above (1) into a reaction container with 
churning equipment, and agitating it by 20rpm. methyl trimetoxysilane 500g was added slowly and the methyl trimetoxysilane layer 
was made to form in the upper layer. After agitating until the upper layer disappears completely at 30 degrees C, 20ml of aqueous 
ammonia was added 20% of the weight, and the reaction was terminated. Thus, when the particle size of the obtained particle was 
measured, the CV value was 1.8% in the mean particle diameter of 9.10 micrometers. In addition, the particle size which 
substituted and computed seed particle diameter and a reaction condition to said relational expression (II) is 9.05 micrometers, 
and was mostly in agreement with the experimental value. 



EXAMPLE 
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[0 0 16] _tiE— IISSC (I) K*^T, R'«^3g& 
i~2 0«)7JWH. (**) 7i"J D-f ;p*|-*->£ 
«L<j4x#*^a*wrs«**i~2 o©t;p^;i/ 

£. ^^2~2 0C9T;uy^)U*, Mt6~2 0«) 
TU-^SXtt^«3S:7~2 ocoT7;i/^;u*Sr^-T. 
uCt, ^Scl~2 0<7)T;U^;USi:LTtt, MsiiiSc 

*. -fVT'peju*. n-^;u». -fV7"f;n, s 

e c t e r t - ^>?-)V&. <\ 

->;ug&<t:*a<3£tf 5ix«. (**) TfUD'fM+i' 

*^b<«x^+->a^*-rs^gci~2 o©7M 

MtLTH ±E«SUSS*"9-«***1~1 0O7 

57^*;HOMiLT(l r-7i"J n-f;U;f *->y 
ne*S, r-^^J'JD-fJW+^DK**. r- 30 
ifVis\*Jri''7n\i)V&. 3, 4 -X#*->->^ D'V* 
<=>*l-5. ^3g»2~2 oroT;u^xji/ 

«, tfx;ua, 7'j;i/g, y^xjp*. ^-fexjug. 

^-^xXJU«^t'^#tf E*iSl&6~2 0O7U 

-;U3$tLT«, £St3H&6~ 1 0<75&<a#$?3:L<. OT 

<h*#l£&f «=.n-5. ^j$7~2 0©77Jl'^Si:bT 40 
«. fcm®.7 ~ 1 0<75t)©^#f*b<. «A.tf-^>5?JP 

S, 7x*^;m. 7xx;i/yntf;HS. t7f)Wf 

[0 0 17] R'«^SS:i~6roTJl'^;HST 
Sot, ttffltt. Stto^1*tit*otfei 
<, ffflMtLTfl. >^;U3S. X5MUS. n-T'ot: 

sec t e r t -^JUS. ^>^S. 

*t*£tfSn*. n«l~3O3ggCTfc0, R'at«gt& 50 



^<DS*|iK^gR (/am) £. W&5£ (III) 
... (nI ) 

[0 0 15] 
LT. -85£ ( I ) 

••• (I) 

oT^Tfe«fc<. 2ifcOR ! #1g&<&3i§£, SOR'tt 

[0018] mte-flss; (i) -essn-sy-r *fl:^* 

©Mil/Tit ^?JK> l J^h*->->7>. *^;i/HJ 

->7>. :7*3MI/h 'J .* h*->->7>. 7xr:;i>h'J* h 

yHtx^nWF'J^M^y^X r-7i"Jn-f 
)V-**->7uX)Uh 'J ;* h*v->5>> r-*^'Jn 

**K:*^Ttt, iiWiLT. saie-«s^: m -ess 

[0 0 19] *&WC>Jjm\t. (A) KltTMni 

ist (b) Htt^jaaie^swissnT^*. 
[0020] (a) K^jgiasaxs 

CCD (A) IgKiiHTtt. KJ&l?8&f$WKj£*© P H 
£9. 7-11. 7KflSgU pH#0. 7-1. 5{& 
T?5£r>\Z> JttC-jRSC (I) Testis y-f^fb^ 
««*«S6UTJ0*»»S**fT^. S**7»OpH 
#8. 2-11. OOfefflTx-b'&^SEfifcSit*. 

cmc^o, sales'— patfoNfeKtf. eftwic 

^11 [ (B) II] Cfc 
&?*±l&2ii:tt<D-Z. COS***. fiR<SW2- 
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2 0 OfcS*fcfc*J:SC*ttJi#TWRLT. >~ H 
KffiKSIMWS. CCDS*. SfjfcKftM«J*#*in*.tt^ 

[0 0 2 1] CKDIgK&I^T. WfB— KjS (I) 

>, y/fJI/7S>. ^yif;P7S >- ylfA7 5 
[0 0 2 2] £7c, 7> ; tr7*J:i;/ifcli7$>'* 

* ^su k 7 > ^ x 7 *5 «fc oc/ $ ft it t s > * mm v ft m 

;u, x^y— ;k T'p/ty— ;k y^y — 
;wtt^©«»7;i'3-;ni. 7-ir h>9tt: 

L, 2a^±£M*£fc1±-C*<hS£LT<feJ;U. 
[0 0 2 3] ^fgHUK&^Tte. Z<D7>^~7 J P7^ 
><Z)fl:ffi»te. SlSHttlVOTKJIOpH (15JfflpH) 
9. 7~11. 7. «?£L<tt9. 7-11. 2©«1 
C^5«fc5i:lt$n5. *0»!pH#±fe3&ffl£&JIJiT 

z>ii$.mw<Dmmtflzft\zm-t±e>nt£^. ;o (a) x 

l^Ttt, 2^^«5^WI<JT*-5. 

[0024] ±E«£i9— jRKfccA^Ttt, sasa— » 

/£fctt7S>-&W*t£j3&<h£ig-&U 

MpH9. 7-11. 7, 
r =C • x-'" 

£8J<DSS (fisjxtf, HLBI&i') *5<ktfEJ£:&# 
<M*.t£. &*tt&ffi*©7>^x7:fcJ:tf/i:;t«7 

[0 0 3 0] :©CI1 ^ffiUMKJ: 0 . ^*^*T*3 

V) Kgcf€r, mMWS'-K&^&g.hC x 
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b<«9. 7-1 1. 2T. /(OPH^O. 7~1. 5 

8. 2-11. 0©3gfflTv-K&^££li££-t*£. Z. 

££*l-5>a<. -«SWtCH0~5 01CW®fflTS«n-5. 

[0 0 2 5] 2I«g«i:*HTtt, Iffffl^r^ 

^kSfttlT, ftJie-JKjS (I) T*S 
L < teig£$J<7>l£» (2 3t) aUJBATT&SfccDjWB 

10 tf/*fctt7 5>*#*tt»*£*irUB£;£tfSCfc 
2JI#&£«l#L-&#<=>. W»pH9. 7-1 
1. 7. »£L<tt9. 7-11. 2T. Ti^pHAi 
0. 7-1. 5«T-r*ST»BHTlni*»*R*S-a: 
•5. 

[0 0 2 6] C^EJfcKl&UTtt. y'ffg{t;^t7> 
tz7 J ?'7$>^Slt^ S«t±iI^T3;i<*:&<. 

2 5 ca^*»K*»t* c i^&g 

ft. EJ&&7B*cOpH/0t8. 2-11. 0©S6Ht?->— 

[0 0 2 7] uCk^CLT, l$ttt2l5S 
OKJSKiO, S/— HttT**J*S*fcO*. E*jat* 
$?£L<fct2~2 0 OfS, <fcO0?£L<tt 
5-1 0 0«Kft*J:5lC*ttl*<rcWRl/T. K 

LIB, *Sfctt*i:*fEiatt*«*at©fi**»*t 
[0 0 2 8] *56§gC^l»T«, (A) IgK*SH 

t. *(rfa-«s:ic (i) -e«*n44r-f*fl:&«i*in*«- 

ft. *teSl*T. ->-KtM t *dfc«3-B:*IRfc. /x^j- 
>tt#®ettSd*-^#TS7> ; 6x7*3«t^/ / *fc«7 
5 >*ttJg&(D#£TtC. J07K»», *^***«)39«» 

[0029] c<oj:5icy^>ttiiiiBStta*fr#* 

a (IV) 

■•• (IV) 

a«tt>«k-S*<. -ftWlclilO-'-SxiO-'lIJS 

[0 0 3 1] *^^lCt5l/iT«. K/X^->tt^-ffiffi14 
ffJibT. HLBffi*t8~2 Oro^LHfC^-Sfero^iff* 

50 HLB«3ft»±e«H&J*K-r*t»OTrtt. 



( 6 ) 



*£<fc9 SitSCte. HLBW10~17© 

[0 0 3 2] K/X^^BfSttSiJiLTtt. HLB 

ij >SI^«:. / 'J >m^^>m 

vtt. #U :t*vX^>VJUt**>Igflfig!XXf\)P. 

x-t- ;pxx^;n!yx^>i4#®gtt9J. 

> «r»J 3 -MiWSxx 5^. # U y U -t U >B&fiSS!X 

f;n;=*>tt)HfiSit)i(. #'j^-+->x^u>jgw 

875 F. #'J^->X5 1 U>7 , ;U^Jl'TS >, 7;p* 
;ut 5 > •> f ft £ co-&s*s y-t >tti?-Mei4^ 
ft£*#*tfe>n?>#. cnsof-ei- 5s>n»a<#£L 
< . ffttctf "J v >T;i/+Jb7xx;ux— ^Ji/ 

«<mrc»«. cneoyxjj-vttjfBSttaitt. 

[0 0 3 3] (B) ->-Klt^fiie 

£© (b) xa«. ±ie (a) xa-e»snfc>'-F«[ 30 

^asic «rE— «sc (i) -c« 3 ns sr-r 

jolt. sz-FU^^ss-a-aii^siigetifT^x 

R = r [K (M/m) +1] 1/1 
[fc«U rtt>"-Ftrea (Mm) . Ktt->-F*re 

©*f?fs^. M&tXmfi. -en-en (b) xas.tf 

(A) ISTttfflSn*ir-r*{fc£tt©»* 

ft»c«i£i-r«c -rftfc-s. (a) xa-c# 40 
btifcy- f treaties Httfciiastf'^- 

Ftreetttlffi*. afctfK (A) xaRtf (B) lit 
«[ffl$n.*4r-f*fl:^«l©«flECJ:oT. fiKg&©ire 

R = C [ { K (M/m) +1} /x 

fij-c»-5. -rftt>-s. j£S:cs:iKiaeLfcj;5fre«3Sift 

KJ:D^»*«&T*tt«. (A) lST»6*lfc'>— F 
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*4ft<. ttC (A) xatR*K:jB^-*Si6*J:« 

s*K*^Ttt. -tie (a) i«-r#sft&5'-Fire 
«k. — «sc (i) T?«sn«^*ftf**siiH/. 

sa-s*. ;:©K£©Rj£;*a&f4. awt**© 
laftscfessfts*'. -jswic«o~5 ot;<D$eH 

T&tfn*. KJS©f?ifctt. S^^tc7> ; &x7i3J:^ 
/ * & fit 7 5 > « ^SO-r « C <h K «fc 0 fr 5 C t *< T? « 

[0 0 3 4] CL©7 > : EX7^7S >©jgjEft?&Ja&##J 
fit, ECi|6f©«!8, RJSilg. pHftiflCtoTfc&an 

ffi. pHft£ijgjEft^SOl$»£©W«£W^T:fc£. 
CtlZmmVT, jgiE3i^lC7> ; ex7^7S>$r^ 

un-r-5©*<asbu. — ^. 2I*sjsi:*^th m 

»©$-f Xfcdtt&LT. (A) Ii«)2i*S«iR 

ac. taK-sas: d) -!?gsn5»3Siijt)U<iig^ 
#»©ita (2 3~c) auErFT&s^jWB^sns. 

[0 0 3 5] d0 2l^5(5m ^-f$ft^»i->- 

»r*j:5»ca^«»K:!ijfr*ct39«i&»T»*. en 
icio. ±e©y-fiR^«i^in*»»3nTTec^ 

frU -5-e.-e->— Ftre*tJ*fi"r*. C©(£©RJSffiS 
14. S^o^^jgft^roiS&t'CS^^n^^ - 
)RW(CI40~5 0 < C©iSaT^l4n-5. £©2JI&RJS 
£&V>Ti3. ±H*«*iteLfc©*. RiSIRJC7> ; EX7 
147 5 >£8yraU SJCSf?^***©** 

[0 0 3 6] E©J;5fc*5B9I©#SsCfiW-*2Ji*K 

i'n+D-^tfoeflR (Mm) £, (II) 

••• (II) 

g*«*5gsns. 

[0 0 3 7] «HC. (A) XSK:*»t«->— Ftt^O* 

Ffii^©et ; gl4. ttr^L^.fc'pir, K^SC (IV) 
T. yxa|->ttJ|LffiStta©«SEx (S«%) KJ^T 
LfctfoT. figS«©Si^WtC#en5#'J^ 
;p*f/ ^o*-y->!ire©&2R (wm) 14. (II 
I) 

] "• ••• (III) 

J -> d >!ire©&g * d t * . 
[0 0 3 8] ft*. ±12 (A) xaiC*Jt-tS pHOjgl 
14 3 0 , C(C*3lt-5 : b©'C»5^, 7> : E-7fti:©fI 

K©/hsv»««*«a-r*»^tt. aaicto. ^a© 
c < b-ef4*-5**, H-©tt«»an?t>DHa<3efl:u c 

© (B) xatc*3tt-5e)cSRJ«:tc®bfcpH©©fflt)^- 




( 7 ) 
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8. 0~ 1 0. 8/0W2:LU. 

[0 0 3 9] *fB9IK:*<r*Ttt, (B) Ii»7«. # 
ft('fi!^^L-fc!e^€r^^gt^bfcWe. ^ftS 

*ff "5 Witt. M10 0 

~2 0 OT:©<eBB©fi*-CfTto*l*. *«9!E*V>T 10 

C£ttftV>. 

[0040] #u*;p#/i'n*i* 
2©*ett«HSnF*fctt*3!«t»»c:fevvr, 2 0 0~ 1 

o o o*c, ^fc3 o o~8 o QX,o>$m<nM.mrcfi?<D 
SM5n&n«^*3i/. ioo otifixsifi 

tea ic * ^Ttttt«tt^»flE"c4aa"*- 5^isl<. 
iiffidEHrtTiatia-esaa-r ^ntcb 

fig-r«<OA«WfiJT»S. 30 
[0 0 4 1] ^<0«k5**«W«>5ErttT»6*l/t#'J* 
->a*-tf->»BH44. T^fta**. M3-15 
urn, £?£L<t44~ 1 0 (imno. Sfc. 
<£>^ft&& (CVffi) M3T2. 5%£TFT$>oT. 
K»«OJ|l«-*tt^T?**. ft*. Xftffft (CVffi) 

cv« (%) = (^s<7?^*iiM/¥^«ig) x i o o 

[0 0 4 2] 

#189114. cft^oeycioTftAyisiB^s 40 

n«t>0TttftV». ft*. HS60*J. ifc&t&JWpHte, 3 
0*Ct*tt-5filT?»5. 
[0 0 4 3] gffiffl 1 

(i) ->-Ktt^«««xa 

3 0 0 S U U y hAO^Xfy V&^lZ, pHlO. 
9KPttbfc7> i E=7**«t2 5 0 5 'J "J? hJU£A 
ft, cnS:!5a^Jt*fSBT$«J6 0 r pmT8B$U&a« 
e>, ^^MUb'J;* h4 1 ->>'7>2 5 gWo< o&fln 

C*l*3 0 < CtCTJtJP#5S£KtH5fc-rS£TSt 50 
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fcfTofctClS, ¥*3&&2. 4 3/im-i?, CVfilte 
2. OXTfcofc. ±aBEJfc«**McTWR«*2 0« 

Lft. Cl©l&©pHt49. 5"C&t3fc. 
[0 0 4 4] (2) Ka^fiEfilg 
±IB (1) TW«L/fc->-Ktt?*5'Jy flttt 
gBtt©EJS£igt::Aft. 2 0 r pmTi&#Lft*<5. 
yt^JUMJ * h^->->7>5 0 0 g£«$o< 98s;!jQU 
±SfC^^JI/HU^ h + ->->7>H*^fiKS-a-fc. 3 0 
■CT±Jl^^(C^^-r^$-C«^Lfe<0%. 2 011* 
%T>*-7#.2 OS'J'J -y h;U£lni*.TEj£;£ii&7£ 

¥i$&g9. 10/imt?, CVlttl. 8%T* 
ofc. ft*. MIBBI^SE: (II) IC. ^-FfifSitfE 
JS£#£ttALTgfcBL£:&&«9. 0 5«m^t), 

[0 0 4 5] tfc«CTl 

(1) >- FtiimBWglg 

3 0 0 = 'J 'J -y HK^y^X^y ^Sil*. pHll. 

s\zmm\ytzT>^-r^mm2 s o s u u -y hJi^A 

ft. dft£l&K*#gB-t?ift 6 0 r pmTftj^l/W 

*^;umj ^ h+->->7>2 5 g£<<t>o < ogsio 
z\tx&3 o x:\zx ±m#5z±izm£;?2>'£-em 

#LT->-F&^££j££-fc!-fc. d©&, EJfcjl£©pH 
fca&lc. RJS«S*I>«SD. 2 5iI%7> : er7*S; 

2. 3%-C^^fe. ±EKl6:**tt*T?*»i«*2 0« 
Kft*J:3»C#iR-r*C<hKJ:9. Ht9t?tt«MI 
bfc. CWISropHl4 1 0. 4-Cfeo^:. 
[0 0 4 6] (2) ^-Ptt^filf 
±15 (1) "CISSLfc->-H^^5 U -y tttt 
^Bf^OStS^SICAn. 2 0 r pmrai^bft*^, 
^^;Uh'J ^ h^->->7>5 0 0 g*<0t>< O^tJOL. 
±JKc^^l/h'J^ h^->->7>B<&^fi£^-e-fc. 3 0 
■CT±S*^^jr^^-r^S-ea^L7i©-6, 2 511 
%7>^-7tK2 0 5 'J U -y h;USljn^.TSl£;S:i657$ 

£3. ¥^SCg3. lMinT. CVI2. 0%i, 
gg5. OtfmfCVil. 9 %OT2«S(DfiltT-75^^ 
UTV^/i. ft*. ffiCHffA (10 C v-HSi^SS. 
t5KjS^#*^AbTffttiL7J:ecSJ4 5. 6(imT* 
0. HKfitt^^ftS^^^nTt. 
[0 0 4 7] itmi2 
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(1) S'-HfflffaHHgXg 

3 0 0 5 U U y h)l<V7 : 77.^v ^^SilC. pH9. 6 
tCPSLfc7>^^7*^2 5 05UU7 h^£A 
tl. dtlSa^lK^SBt?*5 6 0 r pmTa#L6^ 

<=>, *^;uhu* h=^->->7>2 5 g£g>o< oasio 

«8. 4t*ofc, CLO->-K^<7D!eSS:ai^-r-5fc 

iPl/TJRUSL/fcws, n-;p^-*r>>^-T!(SiS2g!l^ 
£fro/t£C:3, ¥^^2. 7/imT, CV1IJ3. 

ft. pH« 8. 2fS^fc. 

[0048] (2) Ktt^aaxa 

±E ( 1 ) TPMLAc->- h*^SK5 'J >y 
SlftCg^iUCAn. 2 0 r pmt^Ui*^, 
^JUHJ* H*->'>7>5 0 0 g£t$o< OSsiPU 
_h®tw^^JP h- U ^* h*->->7>JI£^6!c£-fc!-£:. 3 0 
t;T±Ji#fS:£:lCf8&T£3;T«#Lfc<0'5, 2 511 
y-f y>EA-137<75jg« (SS%) 

<Dm&i£ (IV) ^e,, 5tgcC£;fc$!>-5£:. C=0.099T? 

co o 5 2] (2) sz-pit^atnixa 

3 0 0 = 'J ijy N^^X?'^^!:- #'J 

*t§3. igS£ : /-f y>EA- 13 7] 0. 0 0 0 11 
i%mt5pH10. 6 (CUSgLfcT^XT*^ 
J£2 5 0 5 U 'J -v f-JPSAtt, cn£SBf!,«#gBT*<J 

2 5 g£t$o< omupL. ±.m\z*?)ivv * h + ->-> 
7>s&^fie$-ttfe. ^t,i-c, cms 3 o"c»ct±m^ 

<se*T^f?ffif^2 o«»c^c-5J:^tcS-»;-rsc:t{c«fc 

9, S'-FlfrPttfcBIBLfc. i©l!iOpH«9. 2T 

CO 0 5 3] (3) ->-Ktt^taaxa 

±fE (2) TSaSbfc->-K^?K5U^ hJU£. jg* 
^©^(OS^iiCAn. 2 0 r pm-cajf 
y^;i/hUy K + yy7>5 0 0 g*i$^< OSxlJPU 
±@tr^^;i-K'jy h*->->^>JI£^Sfc;*-B-7$:. 3 0 

■c-e±B^ifefrtN*-rssTJt^bfc©^, 2 5 as 

%7>^-TtK2 05'J'J y h;U£flP*.TE£;£if$T;* 

d-5. ¥i3&&4. 8 5^mT, CVgttl. 8 %T& 
r>ft. ft*5, fflfEW«5£ (I I Die. &Kjfca&fcC = 0. 



( 8 ) ^P^BS 2000-17074 

14 

%7>^7*2 05'JU >y h)\s&mz.Tfcfo&1&T2 
Z.?>, 4MtnT. CVI«4. 1%T* 

[0 0 4 9] *S6#J 2 

(i) %%c<ajim 

3 0 0 5 'J Uv ^Ka^T^-y^fgK. ^'J^-> 

x^>7;Mr;Px-^;u&^sffitt5ij [SH-xstayB 

10 ttS, iSa«:7'fy>EA-13 7 < HLB13] 
0. 0 0 0 0 511%mt5pH10. 6K:lHgL, 
fc7> ; E-7*iffi2 5 0 5U 'J 7 h^SAtl, 
JS^«^SBT^6 0 r pmTSjfL^i, *3MUh 
U* h^v">7>2 5 g£«$o< O^JPL. ±@fC^^ 

[0 0 5 0] ±i2Jff££/"'f y>EA- 1 3 7 <Z)jgg?£ 
20 [0 0 5 1] 



0.00005 0.0001 0.00015 0.0002 
2.70 2.17 1.88 1.69 

0 9 9 WS^ftJftALT»aibfcSil«4. 8 0 

[0 0 5 4] 3 
*SS0iJ2fC*3tt-5^-h ! !|Si^ii®XSfC*5^T. 
f&^£2 0 4 OffiFCSXU Si&l£<Z>->-K&7 

?£<Z>pH£9. OfCbfcfiWi, HJfi«9J2 .Ji^fcUT 
30 seSSLfc. t<DmW:. W-^W 5 . 8 5/zm-eCVfitTSt 

i. 7%<££H i 7!><fte,nfc. BPiEH^iC (in) 

K, 5t(c*J6feC = 0. 0 9 9RtfEJ£&#£ttALT 
LX^ft. 

[0055] mmm 4 
(i) Etfrrawaxa 

3 0 0 SU U-y MKD^X^yirgSfc. #'J#*-> 

as. sa«:/^y>EA-i37] o. 00005 
40 mmx&Sft-tz ph 1 0. 6 cmsL.fc7'> ; exT7K 

^6 0rpmta^tm. fcTx^h'J* ^y->7 
>2 5 g£t$>-3< OasjJPU iJilttfXJUHJ * 

&5c±\zm*?z>&-cm.wvT's- \*m.¥i:±&i<it 

ft. CCD (8, EJS?l£0)pH«9. 4t»^t. C«)->— 
K«i^^Sl:S$jBaS-rSfc*(C. 9. 2 

5li%7>tz7*^J»lTMl/fc©%. 3-^ 

50 1. 4 8 jtraTCVII12. 0 %TS>^ft. JiiEEJfcJK 
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•3. S/-Ktt^**»l*Lfc. pH« 9. 2T 

[0 0 5 6] (2) Htt^tieaxa 

±IB (1) TH«Lfc>>— Ktt^JKS'Jy hJP*. tl# 
gKttWK/KSSiKAtl. 2 0 r pm-C8l#L 
b'z:;uhu ^ h+->->7>5 o o g£t$>o < OSsaiiL. 
±«fcfc;=;Uh'J*h*S'->?>Ji*#J**ttfc. 3 0 
1C-C±Ji3ft«S5^K»i*-r**Tll#UfcO*. 2 511 
^7^7*2 0 5UU y h;H£in*.TE«***7S 

CIS. ¥I$&g4. 0 7mitiT. CV1S1. 8%T?& 
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